Abstract. In the Gulf of California the Pacific-North America plate boundary changes character from an oceanic-type spreading center and transform fault system (to the south) to a region of diffuse continental deformation (to the north). The presence of spreading centers commonly inferred in the northernmost gulf is not supported by bathymetric, heat flow, gravity, or seismic data which indicate significant differences north and south of latitude -30øN. We suggest instead that north of-30øN a continent-ocean transition begins which we name the Wagner Transition Zone (WTZ). Diffuse deformation characterizes the WTZ where slip occurs along reactivated north to NNW striking normal faults developed during late Miocene or Pliocene ENE directed extension. Transtensional deformation varies from ENE directed extension along dip-slip faults in the west to dextral shear along the coast to dextral-oblique slip along inferred north to NNW striking faults submerged in the northern gulf. By accounting for rotational and extensional plate motion deformation in northeastern Baja California, vector constraints require that submerged structures accommodate -30 mm/yr of slip in a direction slightly clockwise of the relative plate motion direction. The juxtaposition of the discrete spreading center system in the central gulf with the diffuse WTZ appears to have been a stable configuration since 4-6 Ma, perhaps controlling the evolution of spreading center jumps between Upper and Lower Tibur6n and Delfin basins due to the juxtaposition of kinematically partitioned structural domains. Different histories of prerift extension and subduction-related arc magmatism along the length of the gulf, partly related to the migration of the Rivera triple junction, may explain the location of the continent-ocean transition.
Tectonic History of the Gulf of California and Nearby Regions
The gulf region experienced a complex history of Cenozoic The Quaternary Agua Blanca and San Miguel-Vallecitos fault systems accommodate principally strike-slip deformation, transferring a portion of GEP deformation across northern Baja California to the California borderland. The east end of the Agua Blanca fault has not been traced across the Main Gulf Escarpment [e.g., Lee et al., 1996] ; thus it remains unclear how it actually connects to gulf extensional structures. About 4 km of Quaternary dextral displacement is evident across the WNW striking Agua Blanca fault zone, which offsets an undated granodiorite massif up to 5 times as much [Allen et al., 1960] . Minor normal displacement also occurs across the fault zone [e.g., Hatch and Rockwell, 1986; Suarez-Vidal et al., 1991 ] which projects offshore west of the peninsula into a transtensional region of dextral-oblique rifting [Legg et al., 1991] . A slip rate of 4 4-2 mm/yr from Global Positioning System (GPS) studies [Bennett et al., 1996] agrees with a late Quaternary slip rate of 2-5 mm/yr determined from trench excavations [Hatch and Rockwell, 1986] . In contrast to the historically aseismic Agua Blanca fault, the NW striking San Miguel-Vallecitos fault system is seismically active, although the maximum dextral offset of Mesozoic geologic features is only 0.3-0.6 km [Suarez-Vidal et al., 1991; Hirabayashi et al., 1996] . Paleoseismic studies estimate a maximum slip rate of 0.2 mm/yr [Hirabayashi et al., 1996] , and GPS estimates are 3 4-3 mm/yr [Bennett et al., 1996] . Dated volcanic rocks tilted in the hanging wall of the active, NNW striking, east dipping San Pedro Mfirtir fault, which marks the Main Gulf Escarpment north of the Puertecitos Volcanic Province (PVP), have been used to bracket various phases of extension between -12, -6, and -3 Ma. There is evidence for at least 5 km of displacement along the fault [Gastil et al., 1975] , which decreases southward to -800 m in southern Valle Chico (Figure 3) [Stock, 1989] South of the PVP, where the Main Gulf Escarpment is discontinuous and less well defined, deformation is related to extension as well as to the offshore spreading center system. The Gonzaga Bay region is divided into three north trending faultbounded valleys [Gastil et al., 1975] where en echelon NW striking, NE-side-down normal faults cut the escarpment fault [Axen, 1995] . Although there is no evidence for Miocene ex- [Rossetter, 1973; Gastil et al., 1975 Gastil et al., , 1983 . In summary, many faults in northeastern Baja California strike NNW to NNE and accommodate primarily dip-slip deformation. Although NW striking dextral transform faults dominate the plate boundary to the north (i.e., San Andreas fault system), oblique-to pure dip-slip motion occurs on NW striking faults in Laguna Salada, the Sierra las Tinajas, and the northern PVP. Estimates of pre-6 Ma E-NE directed extension (10-15%) are slightly greater than post-6 Ma estimates (5-10%) with the significant exception of the Sierra San Fermin, where 20% ENE directed extension is predicted by a model of oblique divergence [Lewis and Stock, 1998b] . The Main Gulf Escarpment is well-developed north of the PVP, partitioned onto multiple structures within the PVP, and discontinuously exposed to the south.
Geophysical Data
Geophysical data from the northernmost gulf, which generally preclude the presence of active spreading, include heat flow, gravity, and seismic surveys, and earthquake seismicity. More than a quarter of a century ago, Henyey 
Role of Preexisting Plate Boundary Features
The prerift geologic history along the Pacific-North America plate boundary which might have controlled the geometry of the gulf spreading center system since 6 Ma, in particular, the location of its northern termination at the Wagner Transition Zone, includes ( [Manighetti et al., 1998 ]. In contrast to these examples, the Gulf of California system appears to be lengthening (or propagating) in a direction perpendicular to the ridge axes (i.e., parallel to the transform faults). Clearly rift propagation at the Gulf of California ocean-continent transition is strongly influenced by the prerift state of the continental lithosphere rather than by stresses concentrated at the rift tip.
Summary
The transtensional Wagner Transition Zone is the southernmost region clearly experiencing diffuse deformation adjacent to continental portions of the Pacific-North America plate boundary and thus marks the location of a key continentocean structural transition in the Gulf of California. The key points of the Wagner Transition Zone model include the following:
1. ENE directed extension occurred throughout the Gulf of California from 12 to 4-6 Ma and produced approximately NNW striking normal faults. Since this time, a nascent oceanic spreading center system developed south of latitude 30øN. In contrast, diffuse transtensional deformation continued along the late Miocene north to NNW striking normal faults within the Wagner Transition Zone and regions to the north. Deformation within the Wagner Transition Zone varies from ENE directed extension in the west to dextral-oblique slip along structures to the east and includes dextral shear (block rotations) between the two extremities. A distinct bend in the coastline geometry and offshore bathymetry north and south of the PVP reflects the regional change from NW striking transform fault-dominated topography south of 30øN to north to NNW striking, Basin and Range-type extensional structures in the Wagner Transition Zone. The longer history of ENE directed extension in the Wagner Transition Zone relative to regions to the south explains the greater width (ENE to WSW) of the northernmost gulf relative to the central gulf.
2. The juxtaposition of localized slip along transform faults in the central gulf with extensional deformation in the Wagner Transition Zone has been a stable configuration for the past 4-6 Myr. The result has been to influence the positions and history of spreading center jumps between Upper and Lower Tibur6n and Delfin basins by producing NE striking accommodation zones that developed into NW divergent basins. These changes had been previously attributed to a change in relative plate motion around 3.5 Ma [Lonsdale, 1989] 
